Ecological models predict a positive correlation between fruit production and primate abundance in the Neotropics. To test this relationship, I compiled information on primate abundance and calculated different indexes of fruit production for 30 Neotropical sites. These indexes can be grouped in three categories: (1) Fruit production estimates based on fruit traps, (2) basal area of endozoochorous trees and (3) density of these trees. The first estimate was the best predictor of both primate biomass (r 2 =0.80) and species richness (r 2
INTRODUCTION
abundance is determined mainly by the available solar There are many factors known to affect species richness irradiance (when water and essential nutrients are and the size of animal populations in a particular not in short supply) and the abundance of primary habitat, including physical conditions and interspecific consumers will depend on plant productivity and plant interactions. Among these factors, many authors have resource allocation (Brown, 1981) . Thus if more energy argued that available energy in the habitat and primis available for production this may result in either ary productivity are the most important ones in delarger populations or more species in the environment termining the structure of communities (Hutchinson, (Connell & Orians, 1964 ). 1959 Connell & Orians, 1964; Brown, 1981; The limited amount of energy available for con-1983; Currie, 1991) . The basic idea is that a fixed sumers has to be partitioned in some way among fraction of the solar energy is captured by plants and all species present, such that a minimum number of this energy decreases as it is transformed and used by individuals is present to sustain their populations consumers at higher trophic levels (Hutchinson, 1959) . (Currie, 1991) . Therefore, in simple bottom-up strucThis unavoidable physical process generates the comtured community models, an increase in primary remon pyramidal patterns in numbers (Elton, 1927) , sources may produce three results: (1) an increment plants being more abundant than primary consumers, in both diversity and biomass of primary consumers herbivores more abundant than secondary consumers, (Connell & Orians, 1964) ; (2) an increment in biomass but a decrease in diversity, when competition favours only few species (Huston, 1979; Rosenzweig, 1992) ; or (3) a similar biomass per species but an increment of diversity, if the species are able to occupy different studies that fail to detect competition (i.e. aggression ecological niches and maintain a fixed degree of ecoor large niche overlap) may simply reflect the effect of logical overlap (Begon, Harper & Townsend, 1996;  past competition between the species (Fleming, 1979) . Pianka, 1994) . This paper explores which of these Increased food production is likely to increase the possibilities occurs in Neotropical primate comabundance of primary consumers such as primates. munities under different regimes of fruit production, Some attempts have been made to predict primate which has been shown to be related to available raspecies richness and biomass from presumed climatic diation (Wright, 1999) .
or biotic correlates of primary plant productivity. For instance, it was found that primate diversity increases linearly with rainfall, but this relationship does not FACTORS THAT MAY AFFECT PRIMATE COMMUNITY hold for very wet tropical forests (Reed & Fleagle, STRUCTURE 1995) . In a recent study (Kay et al., 1997) argued that the effect of rainfall on primate diversity in the New Several empirical studies have demonstrated that a World was driven by parallel variation in habitatvariety of factors influence primate community strucwide productivity, but the direct relationship between ture, including evolutionary history, predation, comprimate species richness and productivity was not petition and resource availability. For example, evaluated. intercontinental comparisons have revealed many difTotal primary production may not be the best measferences among primate communities and less variure of food abundance for some primates. For instance, ation within the primates in each continent (Bourliere, in Africa, Asia and Madagascar, where the majority of 1985; Terborgh & van Schaik, 1987; Fleagle & Reed, primate species rely extensively on foliage, the quality 1996; Kappeler & Heymann, 1996; Jernvall & Wright, of leaves (e.g. protein to fibre ratio) seems to be a very 1998). These studies emphasized the effect of evolugood predictor of primate biomass (Oates et al., 1990 ; tionary history on primate communities, given that Ganzhorn, 1992) . In contrast, overall levels of plant different assemblages have evolved in the same biome productivity (as indexed by rainfall, see Kay et al., type (i. e. lowland tropical forests).
1997) are negatively related to total primate biomass The role of predation on primate abundance has in these communities (Janson & Chapman, 1999) . It been discussed by several researchers, especially the is also likely that total plant production is not a good effects of human hunting for bushmeat (Freese et al., measure of food availability for seed-consuming prim-1982; Oates, 1996; Peres, 1997b; Struhsaker, 1981) .
ates, the diets of which are typically restricted to a Although the effect of predation on primate abundance relatively few species, the seeds of which are not (or in natural communities is less well documented (i.e. only slightly) toxic (e.g. van Roosmalen, Mittermeier & Isbell, 1990; Wright, 1998) , drastic changes in popu Fleagle, 1988) . Indeed, the biomass of seed-consuming lation densities and even local extinctions have ocmammals in one Neotropical community was a tiny curred in areas with heavy predation pressures, such fraction of that which could theoretically be supported as hunting on large bodied primates (Peres, 1993) .
by the annual production of seeds (Janson & Emmons, Currently, there is little evidence that predation by 1990). Despite the possible complication of food quality, natural predators has a marked direct effect in reit is valuable to test the potential importance of total ducing primate populations (but see Stanford, 1995) . plant productivity on primate biomass, which is curEven less evidence exists to suggest that parasites rently undocumented for more than a pair of sites habitually cause significant mortality relative to other on any continent (Ganzhorn, Wright & Ratsimbazafy, causes of death in natural populations of primates, 1999). despite an occasional intriguing example (e.g. Milton, Whatever determines the abundance and diversity 1996). of entire primate communities, particular taxa of primCompetition for resources among primate species ates (despite their diverse diets) do not consume more has been invoked to explain the parapatric disthan about one tenth of the plant species available to tributions of related primate species (Waser, 1987) and them in tropical forests. Thus, it is reasonable to patterns of overlap in resource use (Terborgh, 1983) . expect that the biomass or diversity of taxonomically Some studies have also suggested that primates might or ecologically restricted subsets of primates would be compete with other animals outside their order, such best correlated with the abundance of their preferred as ants or sloths (Bourliere, 1985; Estrada & Coates- plant food species. In some cases, these species fall Estrada, 1985; Rockwood & Glander, 1979) . At least into a relatively few families (Milton, 1980 ; McFarland for the Neotropics, however, there is no evidence of Symington, 1988) . complementarity or compensation in species diversity Finally, the distribution of resources in time has among mammals of distinct orders (Emmons, 1999) . been proposed as the major factor determining the It is difficult, however, to assess the influence of competition in community structure, because ecological carrying capacity of primate communities (Terborgh, 1983 (Terborgh, 1986) . For instance, the energetic demands of the total fruitstone plant group) is positively correlated with primate abundance (Terborgh, 1986) . (4) The density of palms eating mammalian community in one Neotropical forest was shown to match well the minimum level of is positively correlated with monkey abundance, especially for Cebus apella, for which palms are both prefruit production during the year (Janson & Emmons, 1990) . ferred and keystone resources (Izawa, 1975; Terborgh, 1983; Janson, 1987) . (5) The abundance of howler Given the evidence reviewed above, any study attempting to relate primate community structure dirmonkeys is correlated with the abundance of one of their preferred plant families: Moraceae (Braza, Alectly to plant productivity should fulfill several criteria. First, it should be restricted to a single primate varez & Azcarate, 1983; Gaulin & Gaulin, 1982; Glander, 1978) ; and (6) the abundance of pitheciines radiation. Second, it should focus on protected areas where hunting was not a significant factor depressing is associated with the occurrence of one of their primary seed sources, the monkey pots, Eschweilera spp. (Ayres, primate populations at the time biomass data were 1989; Fontaine, 1981; Prance & Mori, 1978 ; van Roosmeasured. Third, it should control for or examine the malen, Mittermeier & Milton, 1981) . effects of biogeographic factors, seasonality, and local differences in plant species composition. The study reported here attempts to meet all these requirements.
METHODS
I collected information on body size and primate dens-PREDICTIONS FOR NEOTROPICAL COMMUNITIES ities from the literature and the data on Neotropical Neotropical primate communities are composed of forest fruit productivity, structure and composition mainly frugivorous primates (Bourliere, 1985; Ter- was gathered from published articles, as well as from borgh & van Schaik, 1987; Kappeler & Heymann, data bases sent directly by the authors. The data for 1996). Not surprisingly, it has been suggested that analyses were limited to New World sites with no primate diversity and population densities may be or low human disturbance (see Table 1 ), in order to affected by community wide patterns of fruit prominimize the known influence of hunting on primate duction or the abundance of particular fruit-bearing biomass (following Peres, 1999) . All sites were forested plant species (Kay et al., 1997; McFarland Symington, and most were in lowlands (<400 m elevation), but 1988), but no large-scale attempts have been made to span a wide range of rainfall values (Table 1) . Old look at these relationships. The purpose of this study secondary and young successional forests (>20 yr) were is to analyze this relationship and the correlation included in the analysis because forests of this age are between fruit production and the abundance of paralready able to produce large amounts of fruit for ticular primate guilds (e.g. folivores, highly inprimate consumption (for instance, in old riverine forsectivorous primates, and seed predators). In addition, ests). the association between the relative abundance of parMetabolic biomass was calculated for every species ticular monkey species and keystone or preferred plant in each site, as the product between population density resources will be discussed. and the body weight to the 0.75 power (see Peres, The main difficulty of this kind of analysis is data 1993 for justification). For the body weight, I used the availability, because it is difficult to find sites with average value between adult males and adult females adequate information on both community wide primate (from different sources, see Appendix 1). All species densities and estimates of fruit production. To partially with average body weight above 6.0 kg were catovercome this problem I used different indexes of fruit egorized as large-bodied; the remainder were smalland tree abundance (see Methods), in order to include bodied. It was assumed that half of the population as many sites as possible (total n=30). By breaking corresponds to immature animals, whose weight is down tree abundance by type of fruit produced and by half that of adults (as in Freese et al., 1982) . Population family, more detailed relationships between resource densities were taken directly from the literature (Table  availability and primate abundance could be examined. 1). I selected the studies reporting population densities Assuming that these primate communities rely for the largest number of species in that community, mainly on fruits and that predation and parasitism using a single methodology. When different estimates play a minor role (see above), the following predictions were available from a single site, I used those estimated were examined: (1) There is a better correlation befrom long term data of group composition, home range tween fruit production and primate abundance (biosize and home range overlap (NRC, 1981) . In studies that reported results from different census methods, I mass and/or diversity) for frugivorous primates than (1976) ; (6) Fedigan et al. (1985) ; (7) Chapman (1988); (8) Burnham (1997); (9) Fishkind & Sussman (1988) ; (10) Hartshorn & Hammel (1994) ; (11) Glanz (1990); (12) Hubbell et al., unpubl.; (13) Foster (1982); (14) Green (1978); (15) Placci & Giorgis (1993) ; (68) Placci et al. (1992) ; (69) Placci et al. (1994) ; (70) Rumiz et al. (1986) . * Production estimates based on fruit traps.
2
No basal area available.
3
No information on tree densities was included.
4
Basal area based on the most important species, assuming that the proportion of BAE holds for the less common species.
5
Some of the vegetation data comes from a near by site.
6
Only the proportion of endozoochorous trees was available.
7
Using the pooled estimate for the whole region. Fruit-fall estimates estimated as assuming that 62.5% of the production of both flowers and fruits corresponds to fruits. This is the average among other Neotropical studies that report both estimates independently (SD=10.5, n=11).
used that recommended by the author. Finally, to species was taken from the original sources, my perchoose among different estimates from line transect sonal experiencein Tinigua National Park, and the methods I selected the estimate derived from the longbotanical literature (Croat, 1978; Kress & Beach, 1994 ; est total transect length.
van Roosmalen, 1985a) . In many cases I did not find Different primate guilds and taxa were used in difinformation on sexual systems for a particular species, ferent analyses. For the purposes of this paper I used so I assigned the prevalent type for that genus. (1) folivorous monkeys as Alouatta spp., (2) frugivorous Four additional indexes were calculated to test the monkeys as all Neotropical primates but the folivorous association between some plants that play very imspecies, and (3) seed predators as all pitheciine species. portant or keystone roles and particular primate I also separated the large fruit-eating ateline monkeys guilds. The first one includes the basal area of fig trees (including Brachyteles spp.) from all other species (BAF), which have been proposed to be very important (small monkeys and Alouatta).
for all frugivorous primates during periods of fruit Fruit production estimates based on fruit traps were scarcity (Terborgh, 1986) . The second one includes the taken also from the literature (Table 1) . Given the basal area of all palm species (BAP) that also are small sample size for this analysis, in four cases I used known to be very important resources during lean estimates from nearby sites in the same bioperiods, especially for brown capuchin monkeys (Tergeographical region, within the same forest type (see borgh, 1986; Placci et al., 1992) . The third index comfootnote to Table 1 ). In all cases, fruit trap studies prises all plants belonging to the family Moraceae covered at least a full continuous year.
(BAM), which in many Neotropical sites are the prinTo look for community-wide patterns, I also escipal component in the diet of howler monkeys (e.g. timated three different indexes of fruit abundance Milton, 1982; Stevenson, Quiñ ones & Ahumada, 2000) . based on the basal area of trunks of particular plant
The final index (BAL) includes the basal area of all species in vegetation quadrants. These indexes are trees in one genus (Eschweilera spp.) belonging to the based on observations made for a variety of species family Lecythidaceae, that is heavily used by Pifor which the diameter at breast height (DBH) of theciine species, who usually prey upon their seeds. individual trees is positively correlated with their fruit
Given that the number of fruiting trees has been production (Leighton & Leighton, 1982; shown to be correlated with fruit production in one al., 1992). Also, the basal area of fruiting trees in the Neotropical forest (Stevenson et al., 1998) , I used denswhole community has been shown to be correlated ity estimates for the same seven categories of plants with the weight of fruits falling in traps in one Neolisted above (DE=endozoochorous, DW=without bird tropical forest (Stevenson, Quiñ ones & Ahumada, or bat fruits, DD=correction for dioecy, DF=figs, 1998). The first index (BAE) included the basal area DM=Moraceae, DP=Palmae and DL=Eschweilera), of all trees belonging to species that produce fleshy in addition to total density of trees of all dispersal fruits with seeds dispersed by endozoochory (van der types (DT). Pijl, 1969) . The fruit type (endozoochorous vs. not, For these indexes based on vegetation composition primate vs. other type of disperser) for each species and size classes, plots totaling at least 1 ha were used was assigned based on personal knowledge, published for each corresponding site (n=24 , Table 1 ), but plots data (Ridley, 1930; van Roosmalen, 1985a; Croat, 1978;  were not necessarily contiguous. These studies inGentry, 1993; Stevenson, Quiñ ones & Castellanos, cluded all woody plants with DBH equal to or greater 2000) and from voucher specimens at the New York than 10 cm. In two cases, vegetation plots excluding Botanical Garden. I excluded the basal area of some DBH 10-15 cm were used and a correction was made plant species with large seeds that are not ingested assuming the same frequency distribution of enby primates but on occasion are dispersed by them by dozoochorous basal area for other sites (DBH>10 cm). carrying (e.g. Hymenaea courbaril ). The second index
In general, vegetation plots were located in the same (BAW) is similar to the first one, but it excludes the areas used by the monkeys, except for seven sites, basal area of plants that are almost exclusively conwhere I used vegetation plots of forested areas relsumed by birds, fish or bats (Appendix 2, based on van atively nearby (<100 km), within the same rainfall and Roosmalen, 1985a; Stevenson et al., 2000) . The third temperature regime (see Table 1 ). Finally, plant species index is intended to correct for the fact that male trees richness (average number of species per hectare) was in dioecious species do not produce fruit. The index also estimated and included in the analysis as a meascorrecting for dioecious species (BAD) was calculated ure of resource range availability, to test the importassuming that half of the total basal area of dioecious ance of plant species richness on animal diversity species contributes to fruit production. A sex ratio (MacArthur & MacArthur, 1961) . Some abiotic factors of 1:1 is assumed for practical reasons, as the true (Table 1) were also used as covariates in multiple population sex ratio is not known in the vast majority of cases. Information about sexual systems for the regression analyses. (Table 3 ). The biomass of large ateline proportion of the variance in biomass (r 2 =0.80, Fig.  monkeys was positively related to the basal area of 1A) and in species richness (r 2 =0.64, Fig. 1B ) may be endozoochorous trees and of female trees producing explained by the variation in fruit production. This fleshy fruits (Table 3 ). The total basal area per hectare relationship was not uniform across primate guilds:
(including trees without fleshy fruits) was not corfrugivorous monkeys and small monkeys showed all related with the biomass of any primate guild. significant positive correlations between primate bio-I did not find any significant correlation between mass and fruit production, whereas, as expected, this the basal area of suggested keystone resources (figs, was not the case for the folivorous and seed predator palms) and the abundance of any primate guild except guilds ( Table 2 ). The positive linear slope was also for a weak effect of the basal area of figs on the biomass significant for the regression between the biomass of of large atelines (Table 3) . However, the biomass of the large ateline species and fruit production estimates seed predators in the subfamily Pithecinae, which (F=16.8, P=0.002), but not for ateline species richness was not correlated with any of the fruit basal area (F=2.45, P=0.14).
estimates, was positively correlated to the basal area A multiple regression analysis trying to explain of their preferred resource Eschweilera trees (F=10.6, primate biomass by production trap estimates of fruit P<0.001, n=23, Fig. 3) . Similarly, basal area of the and small litter other than fruit (leaves, flowers and preferred plant family Moraceae was positively related twigs) showed that only the partial coefficient of fruit to total primate biomass, frugivorous primate biomass, production, holding small litter constant, was posiand the biomass of large atelines (Table 3) . tively correlated to primate biomass (P=0.005, n=
Neither total primate species richness nor the di-10). A similar analysis showed that only fruit proversity of different guilds were associated with most duction was positively correlated to primate species of the fruit basal area estimates (P>0.05, n=23). The richness when controlled statistically by small litter only exception was found for the basal area of Esproduction (P=0.007, n=10). chweilera trees, which was positively correlated with As fruit production increased among sites, mean the number of total primate species, frugivorous spebiomass per species increased only slightly and not cies, ateline species, pitheciine species, and smallsignificantly for either total species or only frugivorous bodied primates (respectively, Spearman's r=0.82, species (P=0.12, P=0.34, respectively). Total primate 0.81, 0.53, 0.86, 0.82, all P<0.01). biomass increased significantly with both fruit production and primate species richness (multiple regression, P=0.014, P=0.05, respectively), whereas DENSITY OF FRUIT RESOURCES primate species richness did not increase with fruit I found a positive correlation between total primate production after controlling for primate biomass (mulbiomass and the density of trees with endozoochorous tiple regression, P=0.83, P=0.05, respectively).
fruits (DE, F=6.9, P=0.02, n=21) . However, this relationship was not significant for the density of female BASAL AREA ESTIMATES trees (DD, F=1.3, P=0.26) or total tree density per hectare (DT, F=2.9, P=0.11). The biomass of fru-I found a positive correlation between the total basal givorous primates was also positively correlated with area of endozoochorous species and primate biomass the density of endozoochorous trees (DE, F=4.4, P= ( Fig. 2A) . Using the total sample there was no sig-0.05) and with the density of palms (DP, F=6.6, P= nificant correlation (F=3.05, P=0.09, n=23), but 0.02). No other consistent associations were found for when a site with an unusual high density of howler monkeys (Guascara Island, Argentina, 237 ind/km 2 ) density estimates. For example, the density of trees The biomass and species richness of ther guilds can be derived by subtraction from the data shown, except for the pitheciine monkeys, which form a small fraction of the biomass in all communities and never exceed a species richness of 2.
belonging to the Moraceae was positively correlated to In general, the density of fruit trees was not a good predictor of primate species richness. However, the total primate and folivorous primate biomass, although the regression coefficient was not significant if the density of Eschweilera trees was positively correlated with the number of pitheciine species (Spearman's r= Argentinian outlier was removed from the analysis. Among these independent variables (see Table 3 ), total primate biomass was positively correlated only with plant species richness [F=11.9, P=0.002, n=23 (excluding Guascara Island)]. This correlation was found also for the biomass of frugivorous primates (F=18.9, P<0.001, n=24), but for them there is also a negative correlation between biomass and latitude (F=5.4, P= 0.03). Latitude is also negatively correlated to the biomass of pitheciine monkeys (F=10.5, P=0.003). Some of the climatic estimates are inter-correlated (see Table 5 ), making it difficult to tease apart the most important variables to predict primate biomass. A multiple regression analysis to predict Neotropical biomass from all of these variables and from fruit trap production estimates showed that 87% (r=0.93, n= Table 3. the only significant partial coefficient in the analysis, independent variable showed a lower multiple correlation coefficient. Climatic variables were as important as the basal area estimate in predicting total biomass (rainfall: F=5.8, dry months: F=5.7, basal area: F=5.7, P=0 .02 for all, r 2 =0.63, n=23). Total primate species richness was positively correlated with plant species diversity, temperature and annual rainfall, and negatively correlated with latitude (Table 4) . Similar relationships were found for frugivorous and small monkeys, but the effects of temperature were weaker. The number of folivorous primates was correlated only with mean annual temperature (r s =0.44, P=0.014). The number of pitheciine Table 3. temperature (Table 4) .
In a multiple regression analysis using fruit trap estimates, climatic and latitudinal variables to explain primate species richness, only fruit production esexplaining about 80% of the variance in primate biotimates resulted in a significant partial correlation mass. A similar model to predict primate biomass using the basal area of endozoochorous trees as an coefficient (P=0.004, n=13). Together, fruit production and latitude were able to explain 73% of the variation total litterfall production (excluding fruits), total basal in primate species richness. In a similar regression area, nor total tree densities were correlated with analysis using basal area estimates of endozoochorous primate biomass, when statistically controlled by the fruits, the explanatory power of fruit abundance was respective estimate of fruit abundance. not significant, but latitude and plant species richness
The different estimates of fruit production or density showed highly significant partial correlation coof fruit resources were all positively correlated with efficients (Basal area: F=0.8, P=0.39; Latitude: F= each other (Table 5 ). However, the predictive power of 10.6, P<0.001; Plant species richness: F=5.4, P= the estimates based on fruit traps on primate biomass 0.004, n=23).
was better than when using basal area estimates or density. Although a larger sample size is desirable to reach concrete conclusions, these results suggest two DISCUSSION possible alternatives. First, basal area may not be a good predictor of fruit abundance because of differences
EFFECTS OF FRUIT PRODUCTION ON PRIMATE BIOMASS
in reproductive output per unit basal area among plant Primate densities are variable in time (e.g. Milton, families and habitats. For example, it is expected 1982), even within years in regions where the monkeys that plants in nutrient poor environments would not track feeding resources over large areas (Peres, 1994) . allocate as much energy to reproduction than those in There are also several studies showing differences in nutrient rich habitats (Chapin, 1980) . Therefore, basal primate densities among different forest types at the area indexes may not be appropriate estimates when scale of the area covered by a single group (Mendescomparing areas with different soil fertility, as is the Pontes, 1999; Stevenson, 1996) . Furthermore, plant case in the Neotropics. Second, the even lower prediversity in Neotropical lowland forests (especially in dictive power of density estimates probably reflects western South America) is very high (Gentry, 1988) , that size is important when assessing reproductive making it very difficult to characterize vegetation atoutput. tributes, even when using plots of at least 1 ha. For
In spite of all the caveats, the analyses confirmed example, the basal area index of endozoochorous trees the predictions that the relationship between the bioin our study site at Tinigua National Park tended to mass of frugivorous monkeys and fruit production reach a stable value only after sampling at least 1.5 ha.
should be tighter than that of folivores and seed predSimilarly, our annual fruit production estimate based ators. This correlation was also significant for small on 300 fruit traps changed as much as 9% if a biweekly monkeys, which suggest that for them, fruit resources datum from a single trap was excluded from the overall are also important as energy sources. calculation (Stevenson et al., 1998) . Given all these
The corrected basal area indexes (BAW and BAD) natural sources of variation, the fact that all estimates were highly correlated to the overall basal area index of fruit abundance or fruit tree density were positively (r=0.96 and r=0.97), and they were not better precorrelated with primate biomass in this set of Neodictors of primate biomass than the total uncorrected tropical forests suggests a strong effect of fruit proindex. In the first case (BAW), it is important to note duction on Neotropical primate communities. The that assigning fruit species to different categories of importance of fruit production, but not overall plant production, is highlighted by the results that neither consumers is somewhat arbitrary. Some plant species, area as an index of fruit productivity may underMiconia, Piper, Rapanea, Solanum and Tetracera (Diestimate production and makes the comparisons with Bitetti, pers. comm.), which are generally consumed tree species difficult. Basal area of palms was not a by birds and bats. In the second case (BAD), it is good predictor of frugivorous or total primate biomass, possible that the correction for the lack of fruit probut the density of palms was correlated with the bioduction by male trees is either incorrect or is overmass of frugivorous primates. However, the low exwhelmed by the fact that even within this set of largely planatory power of this correlation (r 2 =0.26) suggests mammal-dispersed species, certain predominantly dithat many other fruit resources are also important in oecious families such as Moraceae and Lauraceae are determining primate biomass for frugivorous monkeys strongly preferred taxa in the monkey's diet.
in the Neotropics. This seems to be the case for the brown capuchin monkeys (Cebus apella), which rely heavily on palm fruits, but whose biomass was not The basal area of Moraceae, a preferred food plant As fruit production increased among sites, both primfamily, was significantly related to total biomass, fruate biomass and species diversity increased. Primate givore biomass and ateline biomass. Given the weak biomass increased significantly with fruit production relationship of the basal area of Moraceae to other even after controlling for species richness, suggesting primate guilds, its effects on total and frugivore biothat fruit production had a direct effect on primate mass are almost certainly caused by its strong rebiomass. However, species diversity did not increase lationship to ateline biomass. Because ateline biomass with fruit production when biomass was controlled was only weakly related to the basal area of fig trees, statistically. This result suggests that greater biomass other genera of plants in the Moraceae (e.g. Brosimum) mediates the increase in species diversity in areas of may be more important for determining ateline biohigher production. One mechanism to produce this mass (but see caveats above concerning estimates of outcome would be if species with narrow niches could fig tree basal area). maintain viable populations only when the potential It was expected that the basal area of Moraceae biomass of that niche exceeded a critical value.
would be related to the biomass of Alouatta spp., based on their frequent use of plants of this family in at EFFECTS OF KEYSTONE OR PREFERRED FOOD TAXA ON least some areas, yet no clear relationship was found.
BIOMASS
Although it is clear that the density of howler monkeys is affected by the degree of hunting pressure, soil Contrary to the expectations, the basal area indexes fertility, forest heterogeneity, patterns of rainfall and for fig or palm plants were not good predictors of total latitude (Peres, 1997a) , all of these variables except primate biomass or that of any primate guild. In the hunting should exert their effects indirectly through case of figs, there are two points that make it difficult to reach a decisive conclusion. First, the sample size food abundance and quality. The lack of correlation between Alouatta biomass and the abundance of Mofruit production in explaining primate species richness: latitude and plant species richness. The possible facraceae plants failed, probably because of the ample range of resources that Alouatta can use (including tors affecting species richness on latitudinal gradients have been addressed on several occasions, and recently leaves of many other plant families). It would be interesting to look at the quality of their foods and reviewed for primates (Eeley & Lawes, 1999; Peres & Janson, 1999) . long term changes as already suggested (Chapman & Balcomb, 1998; Janson & Chapman, 1999) .
The smallest data base used in this study showed that fruit production based on fruit traps may influence Within the set of particular plant species examined for this study the most striking result was the asprimate species richness in the Neotropics (as suggested by Kay et al., 1997) . However, there was a strong sociation between the abundance of pitheciine species and Eschweilera trees. Positive correlations were found correlation between latitude and fruit production using trap estimates (r=−0.84), so the causal relationship between pitheciine biomass and the basal area index (BAL) and the density of Eschweilera trees (DL). DL between fruit production and primate diversity is not certain. For instance, it is possible that seasonality of was also correlated with the number of pitheciine species. The density and basal area of Eschweilera fruit production (related to latitude) is as important as total annual production in affecting which primate trees were also related to the species richness of other primate guilds (except Alouatta), but never as strongly species can survive in a given area. Nevertheless, in the multiple regression of primate species richness as for the pitheciines. Many studies of these seed predators indicate the importance of these Lecyagainst both fruit production and climatic/geographic variables, only the fruit production variable retained thidaceae trees on their diet (Ayres, 1989; Fontaine, 1981; Mittermeier, 1977; Prance & Mori, 1978 ; van a significant partial correlation coefficient. Seasonality, as gauged by the number of dry months per year, was Roosmalen et al., 1981; van Roosmalen et al., 1988) . Thus, the trends found here may reflect a causal renot correlated significantly with total primate species richness or that of any subgroup analysed here. Howlationship explaining the abundance of this primate guild. Recently, it was pointed out that pitheciines lack ever, direct estimates of the variability of food production were not used in this analysis. It remains any ecological counterpart outside the Amazon basin (Peres & Janson, 1999) , and these analyses indicate possible that the biomass of primates is determined by the minimum level of fruit production (e.g. Janson, that the main reason for this pattern is the reduced abundance of Lecythidaceae in other Neotropical sites 1984; Janson & Emmons, 1990) , which could be highly correlated with total annual production measures. outside central and eastern Amazon regions (Terborgh & Andresen, 1998 richness merits some cautionary comments. None of these analyses done in this study prove causality, and Species richness values for all primates and most it is possible that primate species richness is indeed primate guilds were strongly related to latitude. Howdetermined by another factor that co-varies with densever, the multiple regression analysis including fruit ity and basal area of Eschweilera trees. The results of production and climatic variables suggested that fruit this study suggest that plant species richness is a very production was the primary correlate of species diimportant factor, given the high positive correlation versity. If correct, then the apparent effect of latitude between primate and plant species richness (r=0.69, on primate species diversity is mediated by the latn=21). Indeed, the significant effect of Eschweilera itudinal reduction in fruit production. The longitudinal basal area or density on total primate species diversity differences in floristic composition between western become non-significant when total plant species diand central-eastern Amazonia may also be important versity among sites is controlled statistically in a mulin determining fruit production in the Neotropics (Tertiple regression.
borgh & Andresen, 1998) because of the abundance of usually inedible fruit trees for primates in the latter region (e.g. Lecythidaceae). On the other hand, the 
